Probing the R-parity violating supersymmetric effects in $B_c\to
  J/\psi\ell^-\bar{\nu}_{\ell},\eta_c\ell^-\bar{\nu}_{\ell}$ and
  $\Lambda_b\to\Lambda_c\ell^-\bar{\nu}_{\ell}$ decays by Wei, Bin et al.
Probing the R-parity violating supersymmetric effects in
Bc → J/ψ`−ν¯`, ηc`−ν¯` and Λb → Λc`−ν¯` decays
Bin Wei1, Jie Zhu1,2, Jin-Huan Sheng1,3, Ru-Min Wang1∗, Gong-Ru Lu2
1 Institute of Theoretical Physics, Xinyang Normal University, Xinyang, Henan 464000, China
2 Institute of Particle and Nuclear Physics, Henan Normal University, Xinxiang, Henan 453007, China
3 Institute of Particle Physics, Central China Normal University, Wuhan, Hubei 430079, China
January 4, 2018
Motivated by recent RD, RD∗ and RJ/ψ anomalies in B → D`−ν¯`, B → D∗`−ν¯` and
Bc → J/ψ`−ν¯` decays, respectively, we study possible R-parity violating supersymmetric effects
in Bc → J/ψ`−ν¯`, ηc`−ν¯` and Λb → Λc`−ν¯` decays, which are also induced by b → c`−ν¯` at
quark level. We find that (I) the constrained slepton exchange couplings λi33λ˜
′∗
i23 involving
in b → cτ−ν¯τ transition from relevant latest experimental data still have quite large effects
on all (differential) branching ratios and the normalized forward-backward asymmetries of the
exclusive semileptonic b → cτ−ν¯τ decays as well as the ratios of the (differential) branching
ratios; (II) after satisfying the data of RD and RD∗ , the upper limit of RJ/ψ, Rηc and RΛc could
be increased by 10%, 112% and 24%, respectively, from their upper limits of the Standard
Model predictions by the λi33λ˜
′∗
i23 couplings. The results in this work could be used to probe
R-parity violating effects and will correlate with searches for direct supersymmetric signals at
the running LHCb and the forthcoming Belle-II.
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1 Introduction
Lepton flavor universality violation in the exclusive b → c`−ν¯` and b → s`+`− decays has
attracted a lot of attention in the particle physics community and has significantly constrained
many possible New Physics (NP) effects. For ratios RD(∗) =
B(B→D(∗)τ−ν¯τ )
B(B→D(∗)`′−ν¯`′ ) with `
′ = e or µ,
the world average of the BABAR [1,2], Belle [3–5] and LHCb [6,7] measurements are [8]
RExp.D = 0.407± 0.039± 0.024,
RExp.D∗ = 0.304± 0.013± 0.007, (1)
which are exceed the Standard Model (SM) predictions (RSMD = 0.297±0.017 [9], RSMD∗ = 0.252±
0.003 [10]) by 1.9σ and 3.3σ, respectively. Very recently, LHCb reported a new measurement
regarding b→ c`ν in Bc decays [11]
RJ/ψ =
B(B+c → J/ψτ+ντ )
B(B+c → J/ψµ+νµ)
= 0.71± 0.17± 0.18, (2)
which is about 2σ higher than its SM prediction [12,13].
In the ratios RD, RD∗ and RJ/ψ, the theoretical uncertainties, such as the relevant CKM
matrix elements and form factors, are largely canceled, so any deviation from the SM predic-
tion would clearly indicate the presence of NP. A lot of works about RD and RD∗ have been
done to explain these anomalies in different NP models, for examples, model-independent ap-
proaches [14–22], charged Higgs [23–28], lepton flavor violation [29–32], leptoquark [33–36], etc.
Otherwise, NP effects in Bc → J/ψ`−ν¯` and Λb → Λc`−ν¯` decays have also been studied, for
instance, in Refs. [13,37,38] and Refs. [24, 39–44], respectively.
In the supersymmetry without R-parity, the slepton exchange couplings could give large
contributions to RD and RD∗ , which we have studied in Ref. [45]. Since Bc → J/ψ`−ν¯`, ηc`−ν¯`
and Λb → Λc`−ν¯` decays are also induced at quark level by b → c`−ν¯`, they involve the same
set of R-parity violating (RPV) coupling constants as B → D`−ν¯` and B → D∗`−ν¯` decays.
In this work, using the latest experimental data of all relevant exclusive b → c`−ν¯` decays,
we will analyze the constrained RPV contributions to the branching ratios and their ratios,
differential branching ratios as well as normalized forward-backward (FB) asymmetries of the
charged leptons in Bc → J/ψ`−ν¯`, ηc`−ν¯` and Λb → Λc`−ν¯` decays.
The paper is organized as follows. In section 2, we briefly review the theoretical expressions
of the exclusive b → c`−ν¯` decays. In section 3, using the constrained parameter spaces from
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relevant experimental measurements, we make a detailed classification research on the RPV
effects on the quantities which have not been measured or not been well measured yet. Our
conclusions are given in section 4.
2 Theoretical Framework
The general effective Hamiltonian for b→ c`−mν¯`n transitions can be written as [46,47]
Heff (b→ c`−mν¯`n) =
GFVcb√
2
{ [
GV c¯γµb−GAc¯γµγ5b
]
¯`−
mγ
µ(1− γ5)ν¯`n
+
[
GS c¯b−GP c¯γ5b
]
¯`−
m(1− γ5)ν¯`n
+
[
G˜V c¯γµb− G˜Ac¯γµγ5b
]
¯`−
mγ
µ(1 + γ5)ν¯`n
+
[
G˜S c¯b− G˜P c¯γ5b
]
¯`−
m(1 + γ5)ν¯`n
}
+ h.c. (3)
In the SM, GV = GA = 1 and all others are zero. If considering both the SM and the RPV
contributions, we have [48]
GV = GA = 1−
√
2
GFVcb
∑
i
λ′n3iλ˜
′
m2i
8m2
d˜iR
, (4)
GS = GP =
√
2
GFVcb
∑
i
λinmλ˜
′
i23
4m2˜`
iL
, (5)
and all others are zero.
From general effective Hamiltonian given in Eq. (3), we obtain the differential branching
ratios. The detail expressions can be found in A.1 and A.2 of Appendix. We only give the final
ones in this subsection. For Bc → ηc`−ν¯` and B → D`−ν¯` decays,
dB(Bq → P`−ν¯`)
dq2
=
G2F |Vcb|2τBq |~pP |q2
96pi3m2Bq
(
1− m
2
`
q2
)2{
H20 (
∣∣GV ∣∣2 + ∣∣G˜V ∣∣2)(1 + m2`
2q2
)
+
3m2`
2q2
[∣∣∣HtGV + √q2
m`
HSGS
∣∣∣2 + ∣∣∣HtG˜V + √q2
m`
HSG˜S
∣∣∣2]}, (6)
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with
H0 =
2mBq |~pP |√
q2
F+(q
2),
Ht =
m2Bq −m2P√
q2
F0(q
2),
HS =
m2Bq −m2P
mb −mc F0(q
2). (7)
For Bc → J/ψ`−ν¯` and B → D∗`−ν¯` decays,
dB(Bq → V `−ν¯`)
dq2
=
G2F |Vcb|2τBq |~pV |q2
96pi3m2Bq
(
1− m
2
`
q2
)2{∣∣AAV ∣∣2 + m2`
2q2
(∣∣AAV ∣∣2 + 3∣∣AtP ∣∣2)
+
∣∣A˜AV ∣∣2 + m2`
2q2
(∣∣A˜AV ∣∣2 + 3∣∣A˜tP ∣∣2)}, (8)
where ∣∣∣AAV ∣∣∣2 = A20∣∣∣GA∣∣∣2 +A2‖∣∣∣GA∣∣∣2 +A2⊥∣∣∣GV ∣∣∣2,∣∣∣A˜AV ∣∣∣2 = A20∣∣∣G˜A∣∣∣2 +A2‖∣∣∣G˜A∣∣∣2 +A2⊥∣∣∣G˜V ∣∣∣2,∣∣∣AtP ∣∣∣2 = ∣∣∣A0GA + √q2
m`
APGP
∣∣∣2,∣∣∣A˜tP ∣∣∣2 = ∣∣∣A0G˜A + √q2
m`
AP G˜P
∣∣∣2, (9)
with
A0 = 1
2mV
√
q2
[
(m2Bq −m2V − q2)(mBq +mV )A1(q2)−
4m2Bq |~pV |2
mBq +mV
A2(q
2)
]
,
A‖ =
√
2(mBq +mV )A1(q
2),
A⊥ = −
4mBqV (q
2)|~pV |√
2(mBq +mV )
,
At =
√
2mBq |~pV |A0(q2),
AP = −
2mBq |~pV |A0(q2)
mb +mc
. (10)
For baryonic Λb → Λc`−ν¯` decays,
dB(Λb → Λc`−ν¯`)
dq2
=
G2F |Vcb|2τΛb|~pΛc|q2
192pi3m2Λb
(
1− m
2
`
q2
)2 [
B1 +
m2`
2q2
B2 +
3
2
B3 +
3m`√
q2
B4
]
, (11)
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where
B1 =
∣∣∣H 1
2
0
∣∣∣2 + ∣∣∣H− 1
2
0
∣∣∣2 + ∣∣∣H21
2
1
∣∣∣2 + ∣∣∣H− 1
2
−1
∣∣∣2,
B2 =
∣∣∣H 1
2
0
∣∣∣2 + ∣∣∣H− 1
2
0
∣∣∣2 + ∣∣∣H 1
2
1
∣∣∣2 + ∣∣∣H− 1
2
−1
∣∣∣2 + 3(∣∣∣H 1
2
t
∣∣∣2 + ∣∣∣H− 1
2
t
∣∣∣2),
B3 =
∣∣∣HSP1
2
0
∣∣∣2 + ∣∣∣HSP− 1
2
0
∣∣∣2,
B4 = Re
[
H 1
2
tH
SP∗
1
2
0
+H− 1
2
tH
SP∗
− 1
2
0
]
, (12)
with
Hλ2λ1 ≡ HVλ2λ1 −HAλ2λ1 ,
HV1
2
0
= GV
√
Q−√
q2
[(mΛb +mΛc)f1q
2 − q2f2(q2)],
HA1
2
0
= GA
√
Q+√
q2
[(mΛb −mΛc)g1q2 + q2g2(q2)],
HV1
2
1
= GV
√
2Q−[−f1q2 + (mΛb +mΛc)f2(q2)],
HA1
2
1
= GA
√
2Q+[−g1q2 − (mΛb −mΛc)g2(q2)],
HV1
2
t
= GV
√
Q+√
q2
[(mΛb −mΛc)f1q2 + q2f3(q2)],
HA1
2
t
= GA
√
Q−√
q2
[(mΛb +mΛc)g1q
2 − q2g3(q2)], (13)
HSP1
2
0
≡ HS1
2
0
−HP1
2
0
,
HS1
2
0
= GS
√
Q+
mb −mc [(mΛb −mΛc)f1(q
2) + q2f3(q
2)],
HP1
2
0
= GP
√
Q−
mb +mc
[(mΛb +mΛc)g1(q
2)− q2g3(q2)], (14)
where Q± = (mΛb ±mΛc)2 − q2. Either from parity or from explicit calculation, we have the
relations HV−λ2−λ1 = H
V
λ2λ1
, HA−λ2−λ1 = −HAλ2λ1 , HSλ2λ1 = HS−λ2−λ1 and HPλ2λ1 = −HP−λ2−λ1 .
In order to further study the RPV effects, we need calculate other two important physical
quantities in M1 →M2`−ν¯` decays to reduce the error. The ratio of differential branching ratio
may be written as
dRM2
dq2
=
dΓ(M1 →M2τ−ν¯τ )/ds
dΓ(M1 →M2`′−ν¯`′)/ds. (15)
Noted that RM2 is obtained by separately integrating the numerators and denominators of
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above dRM2/dq
2. The normalized forward-backward asymmetry is defined as
AM1→M2`
−ν¯`
FB (q
2) =
∫ 0
−1 dcosθ`
[
d2Γ(M1→M2`−ν¯`)
dq2dcosθ`
]
− ∫ 1
0
dcosθ`
[
d2Γ(M1→M2`−ν¯`)
dq2dcosθ`
]
dΓ(M1→M2`−ν¯`)
dq2
. (16)
3 Numerical Results and Discussions
The main theoretical input parameters are the transition form factors, the CKM matrix element
Vcb, the masses, the mean lives, etc. Relevant transition form factors are taken from Refs.
[12,42,49,50], the CKM matrix element is taken from the UTfit Collaboration [51], and others
are gotten from PDG [52]. The 95% confidence level (CL) theoretical uncertainties of the input
parameters are considered in our results.
In our calculation, we consider only one NP coupling at one time and keep its interference
with the SM amplitude to study the RPV effects. Due to the strong helicity suppression, the
squark exchange couplings have no very obvious effects on the differential branching ratios and
the normalized FB asymmetries of the semileptonic exclusive b→ c`−ν¯` decays. So we will only
focus on the slepton exchange couplings in our following discussions. We assume the masses of
the corresponding slepton are 500 GeV, for other values of the slepton masses, the bounds on
the couplings in this paper can be easily obtained by scaling them by factor of f˜ 2 ≡ ( m˜`
500GeV
)2
.
A part of latest relevant experimental ranges at 95% CL are listed in the second column of
Tab. 1. The following experimental constraints at 95% CL of Bu decays will be also considered
in our analysis.
B(Bu → D∗0`′−ν¯`′) = (5.69± 0.19)× 10−2,
B(Bu → D∗0τ−ν¯τ ) = (1.88± 0.20)× 10−2,
B(Bu → D`′−ν¯`′) = (2.27± 0.11)× 10−2,
B(Bu → Dτ−ν¯τ ) = (7.7± 2.5)× 10−3. (17)
Noted that the slepton exchange contributions to B−u → D(∗)0u `−ν` and B0d → D(∗)+d `−ν` are
very similar to each other, since the SU(2) flavor symmetry implies M(B−u → D(∗)0u `−ν`) ≈
M(B0d → D(∗)+d `−ν`). So we would take B0d → D(∗)+d `−ν` decays as examples in the following.
Since the experimental measurements of B(B → D∗τ−ν¯τ ) and R(D∗) obviously deviate from
their SM predictions, we do not impose some obvious deviated measurements and just leave
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them as predictions of the restricted parameter spaces of the RPV couplings, and then compare
them with the experimental results. Two schemes of 95% CL experimental bounds will be used
in this work.
S1 : All relevant experimental bounds except for B(B → D∗τ−ν¯τ ) and R(D∗) at 95% CL.
S2 : All relevant experimental bounds except for B(B → D∗τ−ν¯τ ) at 95% CL.
Slepton exchange couplings λi11λ˜
′∗
i23, λi22λ˜
′∗
i23 and λi33λ˜
′∗
i23 contribute to the exclusive b →
ce−ν¯e, b → cµ−ν¯µ and b → cτ−ν¯τ decays, respectively. For λi11λ˜′∗i23 and λi22λ˜′∗i23 , which
contribute to both b→ c`′−ν¯`′ and b→ s`′+`′− transitions, the stronger constraints come from
the exclusive b → s`′+`′− decays ( |λi11λ˜′∗i23| < 5.75 × 10−4, |λi22λ˜′∗i23| < 1.63 × 10−5 ) [53, 54],
which will be used in our numerical results. Fig.1 shows the allowed coupling spaces of λi33λ˜
′∗
i23
from the latest 95% CL experimental measurements of the exclusive b→ cτ−ν¯τ in the cases of
S1 and S2. Fig.1 shows us that both moduli and RPV weak phases of λi33λ˜
′∗
i23 are constrained
in the cases of both S1 and S2. In the S1, we obtain |λi33λ˜′∗i23| ≤ 0.67, and the slight difference
between this constrained space within S1 case and one in Fig. 3 of Ref. [45] comes from the
updated input parameters and experimental measurements. If considering the RD∗ bound, i.e.,
in the cases of S2, very strong bounds on λi33λ˜
′∗
i23 are obtained, 0.11 ≤ |λi33λ˜′∗i23| ≤ 0.30 and
|φRPV | ≤ 82◦.
Figure 1: The allowed spaces due to slepton exchange couplings from the latest 95% CL exper-
imental bounds of the exclusive b→ c`−ν¯` decays.
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Now we discuss the constrained slepton exchange effects in Bc → J/ψ`−ν¯`, ηc`−ν¯` and
Λb → Λc`−ν¯` decays. Our numerical predictions for the branching ratios and their ratios are
summarized in last columns of Tab. 1. We also show their sensitivities to the moduli and weak
phases of the slepton exchange couplings λi33λ˜
′∗
i23 in Figs. 2-3. For convenient analysis and
comparison, we also give all SM predictions of Bc → J/ψ`−ν¯`, ηc`−ν¯` and Λb → Λc`−ν¯` decays
as well as the similar updated predictions of B → D(∗)`−ν¯` decays, which have been given in
Ref. [45]. We have the following remarks for the branching ratios and their ratios:
• Experimental constaints: In the case of S1, the 95% CL experimental upper limits
of B(Bd → D∗`′−ν`′) and RD as well as lower limits of B(Bd → D`′−ν`′) and RD give
effective constraints on the RPV couplings. In the case of S2, the lower limit of RD∗ can
give further effective constraint.
Table 1: Experimental ranges and our numerical predictions for the branching ratios (in units
of 10−2) and their ratios.
Observable Exp. ranges SM predictions RPV-S1 RPV-S2
B(Bc → J/ψ`′−ν¯`′) · · · [ 0.86 , 1.67 ] [ 0.77 , 1.64 ] [ 0.77 , 1.61 ]
B(Bc → J/ψτ−ν¯τ ) · · · [ 0.26 , 0.46 ] [ 0.22 , 0.47 ] [ 0.26 , 0.47 ]
B(Bc → ηc`′−ν¯`′) · · · [ 0.27 , 0.88 ] [ 0.25 , 0.87 ] [ 0.25 , 0.83 ]
B(Bc → ηcτ−ν¯τ ) · · · [0.084, 0.263] [0.087, 0.478] [0.138, 0.464]
B(Λb → Λc`′−ν¯`′) · · · [ 4.75 , 6.33 ] [ 4.38 , 6.22 ] [ 4.38 , 6.22 ]
B(Λb → Λcτ−ν¯τ ) · · · [ 1.60 , 2.08 ] [ 1.57 , 2.97 ] [ 1.77 , 2.52 ]
B(Bd → D∗d`′−ν¯`′) [ 4.71 , 5.15 ] [ 4.45 , 5.32 ] [ 4.88 , 5.15 ] [ 4.88 , 5.15 ]
B(Bd → D∗dτ−ν¯τ ) [ 1.42 , 1.92 ] [ 1.12 , 1.35 ] [ 1.12 , 1.43 ] [ 1.35 , 1.43 ]
B(Bd → Dd`′−ν¯`′) [ 1.95 , 2.43 ] [ 1.82 , 2.46 ] [ 1.95 , 2.32 ] [ 1.95 , 2.32 ]
B(Bd → Ddτ−ν¯τ ) [ 0.60 , 1.46 ] [ 0.50 , 0.76 ] [ 0.62 , 1.14 ] [ 0.85 , 1.14 ]
RJ/ψ [0.225, 1.195] [0.271, 0.314] [0.252, 0.346] [0.285, 0.346]
Rηc · · · [0.192, 0.613] [0.204, 1.300] [0.274, 1.300]
RΛc · · · [0.322, 0.356] [0.328, 0.527] [0.373, 0.443]
RD [0.317, 0.497] [0.255, 0.328] [0.317, 0.497] [0.414, 0.497]
RD∗ [0.275, 0.333] [0.242, 0.262] [0.226, 0.283] [0.275, 0.283]
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Figure 2: The constrained slepton exchange coupling effects on the branching ratios of the
exclusive semileptonic b→ cτ−ν¯τ decays.
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Figure 3: The constrained slepton exchange coupling effects on RJ/ψ, Rηc , RΛc , RD∗ and RD.
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• Branching ratios with ` = `′: The constrained slepton couplings have but not large
effects on B(Bc → J/ψ`′−ν¯`′ , ηc`′−ν¯`′) and B(Λb → Λc`′−ν¯`′). And these branching ratios
are not very sensitive to relevant slepton exchange couplings, so we will not display their
sensitivities to RPV couplings as similar as Fig. 2.
• Branching ratios with ` = τ : As displayed in Fig. 2, the constrained slepton couplings
have very obvious effects on all five branching ratios with ` = τ , and they are very sensitive
to both moduli and weak phases of λi33λ˜
′∗
i23. If also considering the experimental bounds
of RD∗ , the lower limits of B(Bc → J/ψτ−ν¯τ , ηcτ−ν¯τ ) and B(B → D∗τ−ν¯τ , Dτ−ν¯τ ) as
well as both upper and lower limits of B(Λb → Λcτ−ν¯τ ) are further constrained. As for
B(Bd → D∗dτ−ν¯τ ), which experimental constraints are not used, within both S1 and S2
cases, only very narrow ranges, [1.42, 1.43]× 10−2, satisfy its present measurement.
• Ratios of the branching ratios: As shown in Fig. 3, the ratios of the branching
ratios are also very sensitive to λi33λ˜
′∗
i23 couplings, the further experimental constraints of
RD∗ give obvious lower limits of RJ/ψ, RΛc and RD. Present experimental measurement
of RJ/ψ with the large uncertainty could not give any further constraint on the slepton
exchange couplings. The upper limit of RJ/ψ, Rηc and RΛc could be increased by 10%,
112% and 24%, respectively, from their upper limits of the SM predictions. The upper
limit of RPV prediction of RJ/ψ is about half of the central value of the experimental
measurement, but is within 1.5σ.
Now we discuss the constrained slepton exchange coupling effects on the differential branch-
ing ratios and their ratios of the exclusive semileptonic b → c`−ν¯` decays, which are shown in
Fig. 4. From the first and last columns of Fig.4, one can see that the constrained slepton ex-
change couplings have very large effects on all five differential branching ratios with ` = τ and
all five ratios of the differential branching ratios. In S2 case, the 95% CL experimental measure-
ment of RD∗ given obviously further constraints on the lower limits of dB(Bc → J/ψτντ )/dq2,
dB(Bc → ηcτντ )/dq2, dB(B → D∗τντ )/dq2, dRJ/ψ/dq2, dRηc/dq2, dRΛc/dq2, dRD∗/dq2 as well
as both upper and lower limits of dB(Λb → Λcτντ )/dq2, dB(B → Dτντ )/dq2 and dRD/dq2.
From the second column of Fig.4, one can see that the constrained slepton exchange cou-
plings still have some effects on dB(Bc → J/ψ`′ν`′)/dq2, dB(Bc → ηc`′ν`′)/dq2 and dB(Λb →
11
Λc`
′ν`′)/dq2, nevertheless, they have no obvious effects on dB(B → D∗`′ν`′)/dq2 and dB(B →
D`′ν`′)/dq2, since the present accurate experimental measurements of B(B → D(∗)`′ν`′) give
very strongly constraints on the slepton exchange coupling contributions. In addition, RD∗
could not give obviously further constraints on all five differential branching ratios with ` = `′.
Figure 4: The constrained slepton exchange coupling effects on the differential branching ratios
and their ratios of the exclusive semileptonic b→ c`−ν¯` decays.
12
Fig. 5 displays the constrained slepton exchange coupling effects on the normalized forward-
backward asymmetries of the exclusive semileptonic b→ c`−ν¯` decays. Since the SM and RPV
predictions of the normalized forward-backward asymmetries in cases of ` = µ and ` = e are
quite different, we show them all in Fig. 5. For ` = τ case, as shown in the first column of
Fig. 5, the significant effects on all five normalized forward-backward asymmetries are allowed
in case of S1, the experimental measurement of R
∗
D could give very strongly further bounds on
Figure 5: The constrained slepton exchange coupling effects on the normalized forward-
backward asymmetries of the exclusive semileptonic b→ c`−ν¯` decays.
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these normalized forward-backward asymmetries. So the measurement of these five normalized
forward-backward asymmetries could test our RPV predictions and further shrink or reveal the
parameter spaces of the slepton exchange couplings. In addition, as shown in Fig. 5 (b3,e3),
the constrained slepton exchange couplings still provide quite obvious effects on ABc→ηce
−ν¯e
FB (q
2)
and ABd→De
−ν¯e
FB (q
2), their sign could be changed, nevertheless, both quantities are tiny.
4 Conclusion
Motivated by RD, RD∗ and RJ/ψ anomalies reported by LHCb, BABAR and Belle Collabora-
tions, we have studied RPV supersymmetric effects in Bc → J/ψ`−ν¯`, ηc`−ν¯` and Λb → Λc`−ν¯`
decays, which are also induced by b → c`−ν¯` at quark level. Since the squark exchange cou-
plings have tiny effects in these decays, we have only focused on the slepton exchange couplings
in this work.
The slepton exchange couplings λi33λ˜
′∗
i23 involve in the exclusive b → cτ−ν¯τ decays. The
latest relevant experimental measurements at 95% CL give obvious bounds on the both moduli
and weak phases of λi33λ˜
′∗
i23, and these couplings could explain the recent RD, RD∗ and RJ/ψ
anomalies at the same time. We have found that, if considering all relevant experimental bounds
except for B(Bd → D∗dτ−ν¯τ ) and R(D∗) at 95% CL, the constrained slepton couplings have
great effects on all five (differential) branching ratios with ` = τ , five ratios of the (differential)
branching ratios and the normalized forward-backward asymmetries of τ−. And the most
of branching ratios with ` = τ and ratios of the branching ratios are very sensitive to the
both moduli and weak phases of λi33λ˜
′∗
i23. The experimental lower limit of RD∗ could give
further very obvious constraints on slepton exchange couplings. As for B(Bd → D∗dτ−ν¯τ ),
which experimental constraints are not used, a narrow range of RPV prediction could still
satisfy its present measurement. The upper limit of RJ/ψ, Rηc and RΛc could be increased by
10%, 112% and 24%, respectively, from their upper limits of the SM predictions. The upper
limit of RPV prediction of RJ/ψ is 1.5σ away from its experimental measurement.
The slepton exchange couplings λi11λ˜
′∗
i23 and λi22λ˜
′∗
i23 involve in the exclusive b→ ce−ν¯e, se+e−
and b→ cµ−ν¯µ, sµ+µ− decays, respectively. The constrained couplings of λi11λ˜′∗i23 and λi22λ˜′∗i23
from the exclusive b → se+e−, sµ+µ− decays have quite small effects on the branching ratios
and their ratios of the exclusive semileptonic b→ ce−ν¯e and b→ cµ−ν¯µ decays, nevertheless, the
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constrained λi11λ˜
′∗
i23 couplings still have obviously effects on the normalized forward-backward
asymmetries of Bc → ηce−ν¯e and Bd → De−ν¯e, but both ABc→ηce−ν¯eFB (q2) and ABd→De
−ν¯e
FB (q
2) are
tiny.
The large amount of data is expected in the near future from LHCb and BELLE II, and
the precise measurements of the ratios of the branching ratios and the normalized forward-
backward asymmetries of the exclusive semileptonic b → cτντ decays would enable us to test
our RPV predictions and further shrink or reveal the parameter spaces of the slepton exchange
couplings.
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A Appendix
A.1 Formulae of the Bq →M`−ν¯` decays
The hadronic matrix elements for Bq → P/V transition can be parameterized by the form
factors as
< P (p′)|q¯′γµb|Bq(p) > = F+(q2)
[
(p+ p′)µ −
m2Bq −m2P
q2
qµ
]
+ F0(q
2)
m2Bq −m2P
q2
qµ,
< V (p′, ∗)|q¯′γµb|Bq(p) > = 2iV (q
2)
mBq +mV
εµνρσ
∗νp′ρpσ,
< V (p′, ∗)|q¯′γµγ5b|Bq(p) > = 2mVA0(q2)
∗ · q
q2
qµ + (mBq +mV )A1(q
2)
[
∗µ −
∗ · q
q2
qµ
]
−A2(q2) 
∗ · q
(mBq +mV )
[
(p+ p′)µ −
m2Bq −m2V
q2
qµ
]
, (18)
where q = p − p′ is the momentum transfer, F+, F0 and V,A0, A1, A2 are the form factors of
Bq → P and Bq → V transitions, respectively. Noted that, in our numerical results, we take the
B → D/D∗ form factors from Refs. [49,50] and the Bc → ηc, J/ψ form factors from Refs. [12].
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The double differential branching ratios of Bq → P`−ν¯` decays can be represented as
dB(Bq → P`−ν¯`)
dq2d cos θ`
=
G2F |Vcb|2τBq |~pP |q2
128pi3m2Bq
(
1− m
2
`
q2
)2{
H20 sin
2 θ`
(∣∣GV ∣∣2 + ∣∣G˜V ∣∣2)
+
m2`
q2
∣∣∣H0GV cos θl − (HtGV + √q2
m`
HSGS
)∣∣∣2
+
m2`
q2
∣∣∣H0G˜V cos θl − (HtG˜V + √q2
m`
HSG˜S
)∣∣∣2}, (19)
where |~pM | ≡
√
λ(m2Bq ,m
2
M , q
2)/2mBq with λ(a, b, c) ≡ a2 + b2 + c2 − 2(ab+ bc+ ca).
The double differential branching ratios of Bq → V `−ν¯` decays are
dB(Bq → V `−ν¯`)
dq2d cos θl
=
G2F |Vcb|2τBq |~pV |q2
256pi3m2Bq
(
1− m
2
`
q2
)2{
2A20
(∣∣GA∣∣2 + ∣∣G˜A∣∣2) sin2 θ`
+(1 + cos2 θ`)
[
A2‖
(∣∣GA∣∣2 + ∣∣G˜A∣∣2)+A2⊥(∣∣GV ∣∣2 + ∣∣G˜V ∣∣2)]
−4 cos θ`Re
[
A‖A⊥
(
GAG
∗
V − G˜AG˜∗V
)]
+
m2`
q2
sin2 θ`
[
A2‖
(∣∣GA∣∣2 + ∣∣G˜A∣∣2)+A2⊥(∣∣GV ∣∣2 + ∣∣G˜V ∣∣2)]
+
2m2`
q2
∣∣∣A0GA cos θl − (AtGA + √q2
ml
APGP
)∣∣∣2
+
2m2`
q2
∣∣∣A0G˜A cos θl − (AtG˜A + √q2
ml
AP G˜P
)∣∣∣2}. (20)
A.2 Formulae of the Λb → Λc`−ν¯` decays
The hadronic matrix elements for Λb → Λc`−ν¯` transition can be parameterized as [44]
< Λc(p2, λ2)|c¯γµb|Λb(p1, λ1) > = u¯2(p2, λ2)[f1(q2)γµ + if2(q2)σµνqν + f3(q2)qµ]u1(p1, λ1),
< Λc(p2, λ2)|c¯γµγ5b|Λb(p1, λ1) > = u¯2(p2, λ2)[g1(q2)γµ + ig2(q2)σµνqν + g3(q2)qµ]γ5u1(p1, λ1),
< Λc(p2, λ2)|c¯b|Λb(p1, λ1) > = u¯2(p2, λ2)
[
f1(q
2)
6 q
mb −mc + f3(q
2)
q2
mb −mc
]
u1(p1, λ1),
< Λc(p2, λ2)|c¯γ5b|Λb(p1, λ1) > = u¯2(p2, λ2)
[
−g1(q2) 6 q
mb +mc
− g3(q2) q
2
mb +mc
]
γ5u1(p1, λ1),
where q = (p1 − p2), σµν = i[γµ, γν ]/2, λi is the helicity of baryons, and fi(q2), gi(q2) are
Λb → Λc form factors. And the form factors are taken from Ref. [42] in our results.
The double differential branching ratios of Λb → Λc`−ν¯` can be written as [44]
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dB(Λb → Λc`−ν¯`)
dq2d cos θ`
=
G2F |Vcb|2τΛb|~pΛc|q2
512pi3m2Λb
(
1− m
2
`
q2
)2 [
A1 +
m2`
q2
A2 + 2A3 +
4m`√
q2
A4
]
, (21)
where |~pΛc| =
√
λ(m2Λb ,m
2
Λc
, q2)/2mΛb , and
A1 = 2 sin
2 θ`
(∣∣H 1
2
0
∣∣2 + ∣∣H− 1
2
0
∣∣2)+ (1− cos θ`)2∣∣H 1
2
1
∣∣2 + (1 + cos θ`)2∣∣H− 1
2
−1
∣∣2,
A2 = 2 cos
2 θ`
(∣∣H 1
2
0
∣∣2 + ∣∣H− 1
2
0
∣∣2)+ sin2 θ`(∣∣H 1
2
1
∣∣2 + ∣∣H− 1
2
−1
∣∣2)
+2
(∣∣H 1
2
t
∣∣2 + ∣∣H− 1
2
t
∣∣2)− 4 cos θ`Re[H 1
2
tH
∗
1
2
0
+H− 1
2
tH
∗
− 1
2
0
]
,
A3 =
∣∣∣HSP1
2
0
∣∣∣2 + ∣∣∣HSP− 1
2
0
∣∣∣2,
A4 = − cos θ`Re
[
H 1
2
0H
SP∗
1
2
0
+H− 1
2
0H
SP∗
− 1
2
0
]
+Re
[
H 1
2
tH
SP∗
1
2
0
+H− 1
2
tH
SP∗
− 1
2
0
]
. (22)
References
[1] J. P. Lees et al. [BABAR Collaboration], Phys. Rev. Lett. 109, 101802 (2012)
[arXiv:1205.5442 [hep-ex]].
[2] J. P. Lees et al. [BABAR Collaboration], Phys. Rev. D 88, 072012 (2013) [arXiv:1303.0571
[hep-ex]].
[3] Y. Sato et al. [Belle Collaboration], Phys. Rev. D 94, no. 7, 072007 (2016)
[arXiv:1607.07923 [hep-ex]].
[4] M. Huschle et al. [Belle Collaboration], Phys. Rev. D 92, no. 7, 072014 (2015)
[arXiv:1507.03233 [hep-ex]].
[5] S. Hirose et al. [Belle Collaboration], Phys. Rev. Lett. 118, no. 21, 211801 (2017)
[arXiv:1612.00529 [hep-ex]].
[6] R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 115, no. 11, 111803 (2015) Erratum:
[Phys. Rev. Lett. 115, no. 15, 159901 (2015)] [arXiv:1506.08614 [hep-ex]].
[7] R. Aaij et al. [LHCb Collaboration], arXiv:1708.08856 [hep-ex].
[8] [Heavy Flavor Averaging Group Collaboration],
http://www.slac.stanford.edu/xorg/hfag/semi/fpcp17/RDRDs.html.
17
[9] H. Na et al. [HPQCD Collaboration], Phys. Rev. D 92, no. 5, 054510 (2015) Erratum:
[Phys. Rev. D 93, no. 11, 119906 (2016)] [arXiv:1505.03925 [hep-lat]].
[10] S. Fajfer, J. F. Kamenik and I. Nisandzic, Phys. Rev. D 85, 094025 (2012) [arXiv:1203.2654
[hep-ph]].
[11] R. Aaij et al. [LHCb Collaboration], arXiv:1711.05623 [hep-ex].
[12] W. F. Wang, Y. Y. Fan and Z. J. Xiao, Chin. Phys. C 37, 093102 (2013) [arXiv:1212.5903
[hep-ph]].
[13] R. Dutta and A. Bhol, Phys. Rev. D 96, no. 7, 076001 (2017) [arXiv:1701.08598 [hep-ph]].
[14] D. Choudhury, A. Kundu, R. Mandal and R. Sinha, Phys. Rev. Lett. 119, no. 15, 151801
(2017) [arXiv:1706.08437 [hep-ph]].
[15] R. Dutta, arXiv:1710.00351 [hep-ph].
[16] M. A. Ivanov, J. G. Korner and C. T. Tran, Phys. Rev. D 95, no. 3, 036021 (2017)
[arXiv:1701.02937 [hep-ph]].
[17] D. Bardhan, P. Byakti and D. Ghosh, JHEP 1701, 125 (2017) [arXiv:1610.03038 [hep-ph]].
[18] D. A. Faroughy, A. Greljo and J. F. Kamenik, Phys. Lett. B 764, 126 (2017)
[arXiv:1609.07138 [hep-ph]].
[19] F. Feruglio, P. Paradisi and A. Pattori, Phys. Rev. Lett. 118, no. 1, 011801 (2017)
[arXiv:1606.00524 [hep-ph]].
[20] S. Bhattacharya, S. Nandi and S. K. Patra, Phys. Rev. D 93, no. 3, 034011 (2016)
[arXiv:1509.07259 [hep-ph]].
[21] Y. Sakaki, M. Tanaka, A. Tayduganov and R. Watanabe, Phys. Rev. D 91, no. 11, 114028
(2015) [arXiv:1412.3761 [hep-ph]].
[22] Y. Sakaki, M. Tanaka, A. Tayduganov and R. Watanabe, Phys. Rev. D 88, no. 9, 094012
(2013) [arXiv:1309.0301 [hep-ph]].
18
[23] S. Iguro and K. Tobe, Nucl. Phys. B 925, 560 (2017) [arXiv:1708.06176 [hep-ph]].
[24] A. Celis, M. Jung, X. Q. Li and A. Pich, Phys. Lett. B 771, 168 (2017) [arXiv:1612.07757
[hep-ph]].
[25] A. Crivellin, J. Heeck and P. Stoffer, Phys. Rev. Lett. 116, no. 8, 081801 (2016)
[arXiv:1507.07567 [hep-ph]].
[26] C. S. Kim, Y. W. Yoon and X. B. Yuan, JHEP 1512, 038 (2015) [arXiv:1509.00491 [hep-
ph]].
[27] A. Crivellin, A. Kokulu and C. Greub, Phys. Rev. D 87, no. 9, 094031 (2013)
[arXiv:1303.5877 [hep-ph]].
[28] A. Celis, M. Jung, X. Q. Li and A. Pich, JHEP 1301, 054 (2013) [arXiv:1210.8443 [hep-
ph]].
[29] R. Barbieri, G. Isidori, A. Pattori and F. Senia, Eur. Phys. J. C 76, no. 2, 67 (2016)
[arXiv:1512.01560 [hep-ph]].
[30] M. Freytsis, Z. Ligeti and J. T. Ruderman, Phys. Rev. D 92, no. 5, 054018 (2015)
[arXiv:1506.08896 [hep-ph]].
[31] R. Alonso, B. Grinstein and J. Martin Camalich, JHEP 1510, 184 (2015) [arXiv:1505.05164
[hep-ph]].
[32] P. Ko, Y. Omura and C. Yu, JHEP 1303, 151 (2013) [arXiv:1212.4607 [hep-ph]].
[33] S. Sahoo, R. Mohanta and A. K. Giri, Phys. Rev. D 95, no. 3, 035027 (2017)
[arXiv:1609.04367 [hep-ph]].
[34] X. Q. Li, Y. D. Yang and X. Zhang, JHEP 1608, 054 (2016) [arXiv:1605.09308 [hep-ph]].
[35] C. Hati, G. Kumar and N. Mahajan, JHEP 1601, 117 (2016) [arXiv:1511.03290 [hep-ph]].
[36] L. Calibbi, A. Crivellin and T. Ota, Phys. Rev. Lett. 115, 181801 (2015) [arXiv:1506.02661
[hep-ph]].
19
[37] R. Watanabe, Phys. Lett. B 776, 5 (2018) [arXiv:1709.08644 [hep-ph]].
[38] B. Chauhan and B. Kindra, arXiv:1709.09989 [hep-ph].
[39] R. Dutta, Phys. Rev. D 93, no. 5, 054003 (2016) [arXiv:1512.04034 [hep-ph]].
[40] X. Q. Li, Y. D. Yang and X. Zhang, JHEP 1702, 068 (2017) [arXiv:1611.01635 [hep-ph]].
[41] R. N. Faustov and V. O. Galkin, Phys. Rev. D 94, no. 7, 073008 (2016) [arXiv:1609.00199
[hep-ph]].
[42] W. Detmold, C. Lehner and S. Meinel, Phys. Rev. D 92, no. 3, 034503 (2015)
[arXiv:1503.01421 [hep-lat]].
[43] T. Gutsche, M. A. Ivanov, J. G. Korner, V. E. Lyubovitskij, P. Santorelli and N. Habyl,
Phys. Rev. D 91, no. 7, 074001 (2015) Erratum: [Phys. Rev. D 91, no. 11, 119907 (2015)]
[arXiv:1502.04864 [hep-ph]].
[44] S. Shivashankara, W. Wu and A. Datta, Phys. Rev. D 91, no. 11, 115003 (2015)
[arXiv:1502.07230 [hep-ph]].
[45] J. Zhu, H. M. Gan, R. M. Wang, Y. Y. Fan, Q. Chang and Y. G. Xu, Phys. Rev. D 93,
no. 9, 094023 (2016) [arXiv:1602.06491 [hep-ph]].
[46] T. Bhattacharya, V. Cirigliano, S. D. Cohen, A. Filipuzzi, M. Gonzalez-Alonso,
M. L. Graesser, R. Gupta and H. W. Lin, Phys. Rev. D 85, 054512 (2012) [arXiv:1110.6448
[hep-ph]].
[47] V. Cirigliano, J. Jenkins and M. Gonzalez-Alonso, Nucl. Phys. B 830, 95 (2010)
[arXiv:0908.1754 [hep-ph]].
[48] C. S. Kim and R. M. Wang, Phys. Rev. D 77, 094006 (2008) [arXiv:0712.2954 [hep-ph]].
[49] I. Caprini, L. Lellouch and M. Neubert, Nucl. Phys. B 530, 153 (1998) [hep-ph/9712417].
[50] Y. Amhis et al., Eur. Phys. J. C 77, no. 12, 895 (2017) [arXiv:1612.07233 [hep-ex]].
[51] http : //www.utfit.org/UTfit/ResultsSummer2016.
20
[52] C. Patrignani et al. [Particle Data Group], Chin. Phys. C 40, no. 10, 100001 (2016).
[53] Y. G. Xu, R. M. Wang and Y. D. Yang, Phys. Rev. D 74, 114019 (2006) [hep-ph/0610338].
[54] R. M. Wang, Y. G. Xu, Y. L. Wang and Y. D. Yang, Phys. Rev. D 85, 094004 (2012)
[arXiv:1112.3174 [hep-ph]].
21
